The aim of this study was to determine the impact of congenital hydrocephalus and its treatment during childhood and adolescence on long-term health-related quality of life (HRQOL). It is performed as an addition to the recently published comprehensive analysis of social, educational, surgical, and neurological outcomes of a larger cohort of 68 patients. 8 methods During a 12-month period between 2013 and 2014, patients were selected who presented in the Neurosurgical Hydrocephalus Outpatient clinic and fulfilled the following criteria: congenital hydrocephalus treated within the 1st year of life, continuous follow-up, and minimum age at time of reassessment of 25 years. All patients were interviewed and examined by the same study investigator (A.K.) who was blinded to the initial diagnosis. Further data were collected by reviewing records.
Quality of life was analyzed using the Medical Outcome Study 36-Item Short-Form Health Survey (SF-36) questionnaire. 16 The standard SF-36 comprises 8 sections: vitality, physical functioning, bodily pain, general health perception, physical role functioning, emotional role functioning, social role functioning, and mental health. Two component scores (Physical Component Summary [PCS] and Mental Component Summary [MCS]) were calculated based on a z-transformed and normalized standard cohort for Germany. 1, 16 Mental performance was assessed using the MiniMental State Examination (MMSE). 4 The modified Rankin Scale (mRS) score and Stein-Langfitt scale were assessed as global parameters. 3, 9, 12, 13 The Gross Motor Function Classification System (GMFCS) and Manual Ability Classification System (MACS) were used for assessment of global motor function. 2, 7 The GMFCS was developed for cerebral palsy, which can also be a sequela of the primary pathology causing hydrocephalus. 7 Fine motor skills were tested using the grooved pegboard test for the dominant hand. An overview of the scoring systems used in the present study is shown in Table 1 . Higher values always represent more severe impairment. School performance, professional career, occupation, and social status were evaluated using a questionnaire. Patient records were retrospectively reviewed for underlying pathology, initial surgical treatment, number of shunt revisions, and surgical complications. Available CT or MRI scans were reviewed to confirm the underlying pathology of CSF circulation disturbance. Statistical analysis was performed using IBM SPSS statistics software (version 20). Mean scores and confidence intervals of all 8 health concepts and 2 sum scores were calculated for the total study group, subgroups (posthemorrhagic, postinfectious, aqueductal stenosis, unknown), and the reference cohort. As reference, an age-matched cohort (n = 7795) was used based on published data by the German reference health survey conducted by the Robert Koch Institute in 2013. 1 Outcome correlations were performed using the univariate t-test for independent samples between the subgroups, total study group, and reference cohort. The significance level was set at p < 0.05. Local ethics committee approval was granted for the retrospective analysis of the data.
results
From a total group of 38 patients who fulfilled the criteria, 31 patients (18 males and 13 females) agreed to be interviewed and undergo examination. All patients had been surgically treated within the 1st year of life for hydrocephalus during the years 1963 and 1987 at our institution. An overview of demographic data, overall neurological outcome, and type of hydrocephalus is given in Table 2 . The median mRS score for the hydrocephalus group was 2 (range 0-4). Hydrocephalus patients achieved a mean MMSE score of 27 (median 29, range 14-30). The patients adult long-term quality of life of congenital hydrocephalus required a mean of 5 shunt revisions (range 2-11). An overview of neurological findings and outcome classified in overall outcome and motor function scales is shown in Table 3 .
The SF-36 test results are shown in Fig. 1 . Hydrocephalic patients reported statistically significant lower scores for SF-36 item physical functioning compared with the healthy reference group (70.5 vs 93.5, p < 0.05). Thus, the PCS score was also lower than that in the reference group (46.1 vs 54.3, p < 0.05). Physical role functioning (74.2 vs 88.3), vitality (57.9 vs 61.6), and general health perception (64.5 vs 72.3) scores were lower in hydrocephalic patients. However, the difference did not reach significant levels. Emotional, social role functioning, and mental health scores were similar between the groups. Assessment of bodily pain resulted in a trend to slightly better values in hydrocephalic patients. The PCS score showed significantly lower results (46.1 vs 54.3, p < 0.05), and the MCS score was not significantly different (50.2 vs 48.7, p = 0.3). The subgroups of postinfectious, intraventricular hemorrhage (IVH), aqueductal stenosis, and hydrocephalus of unknown origin were separately analyzed (Fig. 2) .
The global, neurological, and surgical outcome parameters were not significantly different for patient subgroups. Patients with postinfectious hydrocephalus showed a trend toward lower MMSE scores and a higher mRS score, whereas patients with hydrocephalus of unknown origin tended to be less compromised. The etiology-based subgroups comprised only a few patients, but all items consistently seemed to tend toward better results for aqueductal stenosis patients without being statistically significant. Patients with IVH displayed a significant difference compared with patients with aqueductal stenosis for items general health perception, vitality, social role functioning, and the MCS score (p = 0.04). The heterogeneous subgroup of hydrocephalus of unknown origin showed a high variability of results for all health concepts with a very small number of patients. Therefore, the PCS and MCS did not reach significant differences to other subgroups (Fig. 2) .
The number of surgical revisions (p = 0.97), presence of secondary blindness (p = 0.76), MMSE results (p = 0.37), educational achievement (p = 0.21), or social status (p = 0.17) was not independently associated with impaired HRQOL in the hydrocephalus group. There was a significant correlation between a lower QOL for patients living in a skilled nursing facility compared with independent life only (p = 0.03) in the very small subgroup of 4 patients.
discussion
The present study demonstrates in a cohort of 31 patients with congenital hydrocephalus who were older than 25 years that patients reaching adulthood have a similar QOL in comparison with healthy individuals. Impairments in the perception of physical functioning are significant but did not result in significantly reduced social functioning or mental health scores. The presented cohort is a subgroup of 68 published patients who agreed to undergo contemporary outcome assessment and additional SF-36 interview within a 1-year period. 8 The number of surgical revisions required to maintain sufficient hydrocephalus treatment throughout childhood did not affect the QOL of the patients. That might partly be due to the nature of the life-long treatment of hydrocephalus requiring surgical revisions in infrequent intervals that-in contrast to other conditions-reestablish or secure an undisturbed cerebral function for the future. On the other hand, congenital conditions might also trigger a different coping and perception of the individual impairments. 11 Physical disability (even secondary blindness acquired later in life) did not result in worse perception of QOL. Living in a skilled nursing facility may have an impact on mental health but has many factors influencing it, e.g., worse neurological outcome. 8 The influence on HRQOL of underlying pathophysiological mechanisms leading to hydrocephalus can be demonstrated only as trends toward lower QOL in patients with postinfectious or premature IVH hydrocephalus compared with those with aqueductal stenosis. This is in concordance with a long-term cohort analysis that had found a weak, nonsignificant association of worse school performance and overall outcome in patients with postinfectious hydrocephalus than in those with other causes of hydrocephalus. 8, 10, 15 However, the small number of patients in the individual subgroups of pathologies limit the statistical power of the analysis.
The major shortcoming and limitation of the present study is the small number of patients and positive selection bias in the hydrocephalus cohort. Only patients with good neurological outcome will return to the outpatient clinic, whereas severely disabled patients mostly present in situations of deterioration only. Thus, such patients will be missed by the study. Patients who have died before reaching adulthood are unknown. However, the present study aimed to analyze the HRQOL of survivors. Furthermore, patients with a severe impaired state of consciousness were not able to answer the HRQOL questionnaire. It is desirable to interview a larger cohort of patients in the future to achieve higher statistical power.
conclusions
Patients with congenital hydrocephalus who reach adulthood achieve comparable mental health and social functioning as healthy individuals. The predominant factor of reduced HRQOL is physical impairment. Patients suffering from posthemorrhagic or postinfectious hydrocephalus seem to be more severely affected than patients with hydrocephalus due to aqueductal stenosis. Repeat surgeries are able to prevent complications and neurological sequelae but fortunately do not reduce the QOL of the patients.
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